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Abstract 
Inventive Design Method (IDM) is an extension of TRIZ. It was developed to solve classical TRIZ limits and address therefore 
wider and more complex problematic situations. The context of Solution Concepts developed with the aid of IDM is incomplete, 
conflicting and produces uncertain information. As a result, it becomes more difficult to evaluate then select which Solution 
Concepts to refine for more in-depth development. The early evaluation stage that is held by experts is usually an informal 
meeting and it involves generally instinctive judgments based on the experience of the experts. Thus it has a tendency to lack 
accuracy. The immediate reactions of experts have a strong influence on the decision and always tend to be negative when facing 
novel Solution Concept and time restrictions in the design cycle. This obvious reaction causes them to abandon Solution 
Concepts that are considered as unfeasible, too risky or outside of the primary focus of the design project. In order to prevent the 
rejection of good Solution Concepts or to screen out unfeasible ones, we proposed an approach to assist the designers in 
increasing confidence in the Solution Concept by providing a rapid estimation and/or exploration of the feasibility of a tested 
Solution Concept. The results obtained will be further used as inputs in the selection task. In this way, a designer acquires a 
certain degree of justification in bypassing expert intuition. Consequently, the evaluation and selection process can be 
implemented with accuracy. In this paper, we will report on current progress made on our ongoing research, and a case study will 
be given to demonstrate the practicability of the proposed approach. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of TFC 2011, TFC 2012, TFC 2013 and TFC 2014 – GIC. 
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1. Introduction 
Nowadays, one constraint of innovation in a fraught competitive market is to improve or find new ways to solve 
emerging problems in the NPDP (New-Product Design Process). A key challenge in creating the innovative 
products lies indeed in the conceptual design phase, more  specifically in the concept generation phase. Various 
effective methodologies used to assist designer in generating a set of design concepts have been proposed [1-3], 
these methods are limited to associate requirements with existing solutions in specific domain of the technical 
system being designed. As a result, forcing creativity to both address requirements and pursue breakthrough 
solutions is a major source of pressure. 
The difference between TRIZ (The Russian acronym for Theory of Inventive Problem Solving) [4-5] and 
classical methodologies is that TRIZ will consider the  technical systems evolving in similar ways. Subsequently, 
any  situation or problem (namely the contradiction) will be reduced and associated to an abstract level independent 
from the domain of the technical system. In this respect, it is possible to apply standard solutions and problem-
solving techniques deducted from generally hundreds of thousands of patents in various fields of technology. 
Consequently, it increases the range of design freedom and extends the solution space into different domains of 
knowledge. Thus, TRIZ has been impressively used in a wide number of corporate environments (e.g. Samsung, 
Posco and Intel), during the two decades of existence in highly industrialized countries. 
Inventive Design Method (IDM) [6-8] is an extension of TRIZ. It was developed to solve classical TRIZ limits 
and address, therefore, wider and more complex problematic situations. The context of Solution Concepts developed 
with the aid of IDM (in this paper called Solution Concepts) is incomplete, conflicting and produces uncertain 
information due to the resolution of contradictions and the differences in knowledge domain between the Model of 
Solution and the Model of Problem. In addition, the differences between each Solution Concept are diverse. Hence, 
it becomes  more difficult to evaluate and to select which Solution Concepts to refine for more in-depth 
development. 
Usually, the early evaluation stages (feasibility evaluation [9]) comprise informal meetings held by experts. This 
stage tends to lack accuracy due to the producing instinctive judgments based on experience of the experts 
themself [10]. Furthermore, the immediate reactions of experts have a strong influence in the decision and always 
tend to be negative when facing novel Solution Concepts and time restrictions in the design cycle. This first obvious 
reaction causes to abandon Solution Concepts that are considered as unfeasible, too risky or outside of the primary 
focus of the design project. In such situations, more reasonable Solution Concepts are chosen. On the other hand, 
many good Solution Concepts in each R&D department have also a high probability to be  abandoned based on 
experts’ intuition. This can limit the consideration of inventive design that potentially offers better performance. 
In order to make an informed decision and to prevent the rejection of good Solution Concepts or to screen out 
unfeasible ones as early as possible, we propose a set of steps to evaluate the feasibility of the Solution Concepts 
being studied. The results obtained (Pareto-front) from the feasibility evaluation of each Solution Concept will be 
later used for the selection task. Details of our motivation and proposed method will be further described in the 
following sections. 
The remainder of this paper is organized as  follows: Section 2 discusses prior and related work. In Section 3, 
we introduce our proposed methodology and a case study will be presented in Section 4. Finally, in Section 5, we 
conclude and discuss future work. 
 
2. Technical Background 
In this section, we review the inventive design method and the characteristics of the Solution Concept. Then, the 
works related to the proposed methodology will be also investigated. 
2.1. Inventive Design Method 
From prior works [6-8], one of authors has been  working in the formalization of the central notions used in TRIZ 
and has conceived an extension of the method, called inventive design method (IDM). The four major steps of IDM 
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are: 1) The analysis of the initial situation, 2) The contradiction formulation, 3) The synthesis of Solution Concepts,  
and 4) The choice of solution concepts to develop. Additionally, at the third step, the key components of the 
contradictions will be used as an input to generate Solution Concepts assisted by computer-based TRIZ techniques. 
This framework  has already been published and has been developed into a software prototype called STEPS 
(Systematic Tool for Efficient Problem Solving) [11]. 
The main components of each Solution Concept are: 1) A description template, which describes an abstract 
context, general  properties,  performance  functions  and  a  Model  of Problem. 2) A sketch of the Solution 
Concept, which is synthesized from a Model of Solution, hypotheses and a technical systems' laws of evolution. 
Compared to Shah’s metrics [12], a high number of Solution Concepts generated with the aide of IDM 
framework may have a high degree of novelty and variety (Fig. 1.). Thus, leading to difficulties in Solution 
Concepts quality measurement [13]. 
 
 
Fig. 1. Set of Solution Concept in the viewpoint of Shah’s metrics. 
The quality of a Solution Concept can be viewed in term of the feasibility which is described by the physical 
properties (e.g. approximately possible configuration, dimension of geometry and behavior) of the Solution 
Concept. Such feasibility characteristics are often the main cause of abandoning Solution Concepts during the 
selection because none of this information is available in this early stage of design. Thus this feasibility 
characteristics have to be dealt with beforehand. 
2.2. Feasibility Evaluation and Optimization 
跤 t the conceptual stage, feasibility of Solution Concept can be investigated by rough calculations that relying 
on simple physical and empirical equations [1, 9, 12]. Unfortunately, depending on time constraints and limitations 
of knowledge requirements during the early design stage, this calculation is often made only after viable 
alternatives have been selected. 
From the perspective of software support tools, there are various computer-aided innovation (CAI) systems based 
on TRIZ that offer useful tools for designers in the concept generation stage. However, these tools offer little 
support in feasibility evaluation which, if resolved, would allow designers to make more informed decisions, earlier 
in the design process [14]. 
The role of optimization in the context of feasibility evaluation is to explore the feasible design space [15] and 
not necessarily to find the optimized solution. There are several engineering applications where optimization has 
been applied during conceptual design within the given set [16-18]. Thus, there is significant promise that 
optimization can be utilized to an even greater extent during conceptual design. 
2.3. Concept Evaluation/Selection in Inventive Design 
In many existing evaluation/selection methods (qualitative ones, see design model [1-3]), the evaluation criteria 
are usually taken from the design requirement, which depends on customers' preferences or decision-makers 
experience. In inventive design, the evaluation stage will be viewed only as a hypothesis for the improvement of 
technical systems. Several authors have suggested the approaches to evaluate and select the more appropriate 
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Solution Concepts. For instance, Orloff [19] suggested a few practical techniques to verify the solutions, such as the 
ideal final result, a functional ideal model, essential rules, and the algorithm. Rantanen and Domb [20] have 
proposed a technique to defining the evaluation criteria from the concept of ideality, where each proposed solution 
is evaluated and compared with the ideality of known solutions by a simple pairwise comparison. Rousselot et al. 
[8] have measured the degree of adequacy between a Problem Model (Evaluation Parameter - Problems) and a 
Solution Concept to evaluate and select the more appropriate Solution Concepts. Besides this, the evaluation 
techniques used in an inventive design is still relying on qualitative approaches. The more effective technique used 
to evaluate/select Solution Concepts in inventive design still lies in challenging the inventive design- research link 
[14]. 
2.4. Discussion & Motivation 
The immediate reactions of decision makers (experts) have been affected by the context and the feasibility 
characteristics of Solution Concepts. These reactions have usually a strong influence to the decision. Concerning 
the traditional evaluations, they are usually considered in qualitative terms without any mathematical proof. As a 
consequence, relevant Solution Concepts have early been abandoned. Moreover, this decision may result in 
suggesting an infeasible alternative as the “best” Solution Concept. Considerable cost or loss may be incurred if 
such Solution Concepts are implemented without recognizing their infeasibility. The measurement of quality in term 
of feasibility that relies on the calculation proof, still lacks attention in inventive design. 
Would it be worthwhile to go deeper into the Solution Concept by applying pre-calculated proofs during the 
early evaluation and selection? In order to increase the performance of inventive design, such question is the 
starting point of the research debated in this paper. Our results are presented in the following sections. 
 
3. Method Development 
The methodology presented graphically in Fig.2 describes the method proposed, it is intended to be used as a 
decision- making aid and tool. 
The proposed methodology will be performed after generating a set of Solution Concepts with the IDM 
framework (Steps 1-3) and STEPS software. Details of each major step are described below: 
Step 1 Solution Concept Screening & Grouping: Designers measure the effectiveness of the concept generation 
task with regard to the resolution of contradictions  and ideality of each Solution Concept. Designers identify the 
critical parameters [9] (e.g. dimension, configuration, material properties, or other behavior) of each Solution 
Concept by comparing its context  with the project design requirements, 
1077 Thongchai Chinkatham and Denis Cavallucci /  Procedia Engineering  131 ( 2015 )  1073 – 1083 
 
Fig. 2. The overall proposed method, focus on the feasibility evaluation of a Solution Concept (red dashed line) and Pareto-front based Solution 
Concepts selection. 
limitations, or designer preferences. Next, identified Solution Concepts are classified into two types: 1) need to 
refine. The contradictions of Solution Concept does not eliminate and there are many critical parameters in a large 
number of features. This type of Solution Concept needs to be refined if they still have some advantages, and 2) 
Conditional & Worth considering. Solution Concept is lacking certain information (feasibility characteristics) that 
induces  some  doubts regarding its validity. For this type of Solution Concepts, designers specify any interest 
aspects and further consider in the next step. 
Designers define and simplify zones of Interest (ZOI) or Operating Zone of each Solution Concept  from the 
conditional & worth considering type. In each Solution Concept, designers associate ZOI with the critical 
parameters identified in the previous task into Analysis Aspects (refer to engineering disciplinary e.g. structural, 
thermal). Lastly, Solution Concepts are classified into different groups by considering the similarity of their FBS 
[21], any related list of interest aspect or Analysis Aspects. 
Step 2 Feasibility Evaluation: In each group, designers identify, define and specify the common objectives and/or 
constraints regarding the Analysis Aspects. We note that, the feasibility evaluation is performed when the Analysis 
Aspects of each Solution Concept have evolved to a parametric model that represents one or more aspects of its 
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performance. After that, a being tested Solution Concept of a group is formulated/updated into an executable 
analysis model in term of an optimization problem. The role of optimization in this context is to explore the feasible 
design space and not necessarily to find the optimized solution. Concerning the analysis  model,  it  is  composed  of  
one  or  more  behavior models, designers can have access to these models  through the provided knowledge base. 
Additionally, in this stage behavior models represent as a physics-based model (mathematical expressions and 
equations, derived from basic engineering and physics principles). These type of models feature low fidelity and are 
computationally inexpensive. Therefore, these both factors allow a designer to explore quickly a large design space 
[22-23]. 
Designers, then, explore the feasible design space of the executable analysis model. If the results are 
unsatisfactory, designers will redefine the condition, then update the executable analysis model and repeat the 
exploration step. On the other hand, if the results are satisfactory, these results will be saved and used in the 
selection task. This feasibility evaluation step will be repeated with the next Solution Concept in the being tested 
group and also for the other groups. 
Step 3 Selection: Designers visualize the results (Pareto- front) of overall tested Solution concepts from the  
same group, then select the most appropriate Solution Concepts. When the common objectives do not exist 
between several groups of Solution Concepts the qualitative evaluation and selection technique will be 
implemented to select the most appropriate ones between groups. 
With the overall methods proposed, designers will finally have certain information and acquires a certain degree 
of justification in bypassing expert intuition. Consequently, the evaluation and selection process can be implemented 
with accuracy. Moreover, the Solution Concept is avoiding from the rejection in the early stage of design without 
adequate empirical reasons. 
4. Case Study 
 In order to demonstrate our proposed approach, a new design  of a car wheel-blocking  system during  transport 
by trailer will be used as a case study. This design project undertaken with our partner, Lohr Industry [24] (a trailer 
manufacturer). 
In general, the transported vehicle must be lashed to the trailer using the appropriate lashing equipment, 
tensioning devices and blocks (Fig. 3). 
 
Fig. 3.  The current system used for blocking a  wheel. 
The “New Design for car-wheel blocking systems” project is primarily designed to facilitate truck driver’s 
securing operations and to increase the  immobilization  efficiency of the new blocking system. A set of 22 Solution 
Concepts were proposed  by the  team through the  use of IDM  methodology and STEPS software. In the following 
section, we will demonstrate the usability of this proposed metohd in two scenarios: 1) the feasibility problem of a 
Solution Concept, and 2) the selection approach based on the Pareto-front of tested Solution Concepts. The details 
of them are presented below: 
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4.1. Feasibility Evaluation of a Solution Concept 
With the IDM-based evaluation (step 4 of IDM) performed by experts (decision makers), the Solution Concept 
1.2.2 in Table.1 have a little chance to being selected for development in the next design process thus it was ranked 
as number 8. Contrariwise, from our standpoint, while comparing this Solution Concept with higher ranking 
solutions, it is potentially a better Solution Concept in terms of number of components, time for installation and low 
level of complexity. We asked one of the experts in the design team who abandoned Solution Concept 1.2.2 during 
the evaluation phase to give it further consideration, but  his/her following statement was issued as a response: 
“The solution is impossible if the thickness of the steel components is under 20 mm. This is the minimum 
thickness required to restrain vertical force of a 3,000 kg vehicle with acceleration of 1g during transportation." 
We believe that this statement represents a criteria that was subjected to bias on the part of the expert in the 
evaluation and selection task. Consequently, the Solution Concept was ranked number 8. According to this situation, 
there is a high probability that many good Solution Concepts in each R&D department are abandoned only cause of 
the grounds of intuition, even though they could have proven their feasibility if a little more attention had been given 
to them. 
 
Table 1. A sketch and description of a Solution Concept. 
  
Once Solution Concept 1.2.2 is considered by using the methodology in Section 3, it was next screened and 
classified into the conditional type (refer to expert’s claim). Designers associate the ZOI with the identified critical 
parameters. The behavior model in this scenario which is the simple beam with a unified load model will be used to 
formulate the analysis model in term of the optimization problem. The main objective is to find a possible thickness 
that can be used to restrain the horizontal force. It should be note that this thickness should respect the acceptable 
deflection and total weight of the ZOI. By following the feasibility evaluation step, the design space between 
deflection and total mass of Solution Concept 1.2.2 (rigid shell) is presented in Fig. 4. 
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Fig. 4.  Feasible space of Solution Concept 1.2.2 
With all calculation results obtained (Fig.5), Solution Concept 1.2.2, which was initially considered as 
impossible to implement with steel possessing a thickness less than 20mm could be considered possible. According 
to the results, this Solution Concept could be implemented with an aluminum as a choice of  materials, with a 
thickness of <5mm,  deflection <1mm and total mass <1kg. 
We note that these results were obtained using the simplified model; improvements of the properties and the 
structures could be easily implemented during the next design phase. 
 
 
Fig. 5. Solution space between deflection and thickness of Solution Concept 1.2.2 
4.2. Selection of Solution Concept based on Pareto-front 
Recalling the proposed methodology in Section 3, one of a group of Solution Concepts after the screening and 
grouping step is presented in Table 2. The common objectives of solution concepts being tested are identified i.e. 
minimize the deflection in the horizontal direction, and minimize the total mass of the blocking system. 
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After the Solution Concept 1.2.2 has been tested regarding to the approach in Section 3, designers repeat the 
process with the Solution Concepts 1.1.5 and 1.1.4 respectively. The Pareto-front between deflections vs. total mass 
of three Solution Concepts is presented in Fig.6. When we consider just the horizontal deflection and total 
mass of the ZOI, the well-suit structure for blocking a wheel car is the Solution Concept 1.1.4. 
Table 2. An example of a group of solution concepts. 
 
 
Furthermore, the results obtained in this section present just a few simple objectives, that easy to interpret. In the 
real situation, the overall objectives have to be taken into account before making a competition of every groups of 
Solution Concepts. 
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Fig. 6.  Pareto-front of Solution Concept 1.2.2, 1.1.5 and 1.1.4 
5. Conclusion and future works 
Throughout this paper, we have proposed an approach for supporting the early decision-making processes. The 
experts’ opinion judging a Solution Concept is often negative when it exceeds the boundaries of what they have 
previously experienced. As revealed in the case study, our method highlighted areas of conflict in an expert’s initial 
decisions. The results we obtained make us strongly believe that this exercise can repeatedly bring about similar 
results. Therefore, we draw the hypothesis that it is possible to leverage inventiveness of a company through 
additional chances for feasible Solution Concepts. Furthermore, the results obtained from the feasibility evaluation 
(Pareto-front) can be used as explicit information to make an informed selection. 
Time to perform the overall proposed method is depending on the quantity of Solution Concept in being tested 
and the domain of analysis disciplinary required. It is true that if the Solution Concept shows an easy-to-estimate 
physical situation, experts’ intuition will be both faster than our approach and at least as correct as it. Moreover, the 
proposed approach is not suitable for radical new Solution Concepts where their behaviors could not be modelled as 
an analytic or a numeric form (i.e. nature problem). In this case, designers have to develop the physical models or 
prototypes and then apply the Design of Experiments (DOE) technique to evaluate their feasibility. 
Yet, our method is in the first stages of verification, and it requires continuous improvement. Our future works 
will mainly focus on two directions. First one, instead of perform a rapid estimation and/or exploration the 
feasibility of a Solution Concept, the overall proposed methodology will be featured into the support software tool. 
Concurrently, the technique to capture and incorporate information from the abstract description of a Solution 
Concept into an executable analysis model (as optimization form) have to be improved. On the other hand, when 
common objectives between the groups of Solution Concepts do not exist, we think about the feasibility index of 
each Solution Concept that could be used as a key to compare and rank the set of Solution Concepts rather than 
using the qualitative evaluation technique. 
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